The purpose of the present study was to explore the influence of microwave heating for different periods on the primary and secondary oxidation, total oxidation as well as conjugation of stripped and non-stripped linseed oils. Color index of the oil samples was also evaluated to show changes of color during periodical heating. It was generally found that a significant increase in peroxide value, p-anisidine, total oxidation, conjugated diene and conjugated triene for microwave heating periods of 1,2,3,4 and 5 min. Two samples (stripped and non-stripped) of linseed oil (microwave treated) were analyzed individually in triplicate, and the results were reported as mean ±SD. Statistical significance of the differences between mean values was assessed by one-way ANOVA. It was found that stripped linseed oil (absence of antioxidants) is prone to heat effect than the non-stripped oil (with antioxidants). Generally, it is recommended that polyunsaturated oils have to be prevented from heat treatment for cooking purposes (e.g. soybean and linseed oils), since they contain linoleic and linolenic acids which are sensitive to oxidation.
INTRODUCTION
Microwave ovens are present in the majority of homes and today more people use microwave ovens for cooking and reheating (1) (2) (3) .
Microwave process can offer several distinct advantages when compared to conventional methods. These advantages include speed of operation, energy savings, precise process control, faster start up and shut-down times (4, 5) . Heating of food in a microwave oven is caused by interaction of an electromagnetic field with the chemical constituents of food. These interaction comprising molecular friction and excitation generate heat necessary for cooking purposes (2, 3, 6) .
MATERIALS AND METHODS
The effect of microwave heating on animal and vegetable fats have been investigated (1, 4, 7) as have its influences on thermo-oxidative stability of common oils and fats in house-hold use. Little has been published on the changes in composition and oxidative stability of the oils during microwave oven heating (8) (9) (10) .
Although microwave heating can provide several advantages over conventional food processing method, but objectionable compounds are produced in microwave foods (11) (12) (13) .
This work was devoted to study the effect of microwave heating on the primary and secondary oxidation as well as conjugation of periodical heating of stripped and non-stripped linseed oil. It is worthy to mention that linseed oil was selected for this study owing to its sensitivity to oxidation than any other oils. Meanwhile, it was feasible to predict the formation of the harmful compounds arising from heating effect of microwave heating.
Materials:
Representative samples of developed linseed were collected from 2009 production in Tanta, Egypt. The other used chemicals were of high purity and technical grade (Merk, Germany and BDH, England).
METHODS
Oil extraction: Soxhlet apparatus technique was utilized for oil extraction from dried and ground seeds using redistilled n-hexane according to the method of AOCS (14) .
Fatty acid composition:
Linseed oil methyl esters were prepared according to IUPAC (15) . Determination of linseed fatty acids composition was performed as described by Mitruke (16) using a Hewlen Packard HP 6890 gas chromatograph, operated under the following conditions:
Detector, flame ionization (FID); column, capillary, 30.0 m x 530 µm , 1.0 µm thickness, polyethylene glycol phase (INNO Wax); N 2 with flow rate, 15 ml per min with average velocity 89 cm/s (8.2 psi); H 2 flow rate, 30 ml per min; air flow rate, 300 ml per min; split ratio, 8 : 1, split flow, 120 ml per min; gas saver, 20 ml per min. Detector temperature, 280 ºC; column temperature, 240 ºC; injection temperature, 280 ºC. Temperature programming starting from 100 ºC to reach a maximum of 240 ºC was used for eluting the fatty acid methyl esters. The identification of peaks was made as compared with chromatograms of saturated fatty acid methyl esters (Sigma, USA).
Chemical characteristics of oil :
Chemical characteristics of the oil were conducted according to the method of AOCS (14) .
Stripping of oil:
The oil was freed from the tocopherols as well as any other antioxidant. This was done by running the oil miscella soluble in nhexane through silica gel (60-120 mesh) column. The stripped oil thereafter was checked by thin layer chromatography (TLC) to ensure that the oil is clear from antioxidants. Primary oxidation of oil: Primary oxidation was measured by peroxide value (PV) according to the method of AOCS (14) .
Secondary oxidation of oil: Secondary products were measured by para-anisidine value (p-AV) according to the method of AOCS (14) .
Total oxidation of oil :
The total oxidation was calculated as follows:
Total oxidation = 2. PV + p-AV
Conjungated dienes and trienes:
A sample of about 200 mg was dissolved in 100 ml n-hexane and mixed thoroughly. The absorption was measured in the UV region using a Shimadzu UV-Visible 240 Recording Spectrophotometer (Tokyo, Japan) and the optical densities were measured at 233 and 268 nm for dienes and trienes, respectively. The percentages of conjugated acids were calculated according to the method of A.O.C.S. (14) .
Color index (CI):
Oil samples were diluted with carbon tetrachloride at ratio of 1:1 by volume for light colored samples and 1 : 9 by volume for dark colored samples. The solution was measured in the UV region using Shimadzu Recording Spectrophotometer (Tokyo, Japan) at wave lengths ranging from 320 to 700 nm. A total of 16 readings of an optical density (O.D) were taken with 10 nm difference within 400-550 nm range. The sum of 16 O.D. readings are multiplied by 10 to give an approximation for the area under absorption curve, which indicated the concentration of the coloring matter in the oil, i.e. color index (17) .
Statistical analysis:
Two samples (stripped and non-stripped) of linseed oil (microwave treated) were analyzed individually in triplicate, and the results were reported as mean ±SD. Statistical significance of the differences between mean values was assessed by one-way ANOVA with SAS software (18) . Tukey multiple comparison procedure was used to compare the means. A probability to p≤ 0.05 was used to establish the statistical significance.
RESULTS AND DISCUSSION
Fatty acids composition of linseed oil is recorded in Table (1) . Linolenic acid constitutes more than 53.0% of the unsaturated fatty acids of linseed oil, while palmitic acid makes more than 51.0% of the saturated fatty acid of linseed oil. These results are in a good agreement with the previous results reported by Young (19) .
Chemical characteristics of stripped and non-stripped linseed oil subjected to microwave heating were studied and are presented in Table ( 2). It is clearly seen from table (2) that the acid value of stripped and non-stripped linseed oil have been increased with increasing time from (1-5) min. On the other hand the acid value of stripped linseed oil was slightly higher than those of non-stripped sample. At 1 min heating the acid value of stripped oil sample was (1.14), while the non-stripped sample was (0.57). At the end of 5 min microwave heating the acid value of stripped and non-stripped oil were 2.29 and 1.72, respectively. Moreover, gradual increase of peroxide value was noticed with microwave heating time.
These results are in a good agreement with our previously results (4) and those reported by Farag et al. (20) and Yoshida et al. (21) . It was found that peroxide values of stripped samples were higher than those of non-stripped samples due to the absence of natural antioxidants removed from the stripped oil (22) . From the obtained results it could be also noticed that the microwave heating had significant effect on iodine value and showed marked increase up to 2 minutes and sudden decrease during heating at 2 minutes heating and forward by marked decrease up 3,4 and 5 minutes heating. It was also noticed that the heating of non-stripped oil has a little effect on the oil. This fluctuation of iodine value in both samples (i.e. stripped and non-stripped oil) may be due to the possibility of formation unsaturated compound different in structure than the non-heated original oil (1, 4, 22) .
Color index of stripped and non-stripped linseed oil as measured spectrophotometricly at different wave length is illustrated in Table ( 3). Values are presented as mean ± SD of duplicate samples analyzed in triplicate. The same capital litter in the same column indicates there is no significant difference . The same small litter in the same row indicates there is no significant difference for each parameter.
The color index of stripped oil decrease in value by time of heating till it reached a lower value (27.75) after 5 min heating. However non-stripped oil showed higher value (174.62) of color index after the same period of heating time. The higher values recorded for non-stripped oil may be due to interaction of tocopherols components with unsaturated fatty acid to give toco-red compound similar to that reported in soybean oil (23) (24) (25) .
Influence of heating on stripped oil (free of antioxidants) and non-stripped oil (with antioxidants) is shown in Table (4) and Figures (1, 2) . The same capital litter in the same column indicates there is no significant difference . The same small litter in the same row indicates there is no significant difference for each parameter. Table : 5. Formation of conjugated dienes and trienes of stripped and non-stripped linseed oil subjected to microwave heating.
Values are presented as mean ± SD of duplicate samples analyzed in triplicate. The same capital litter in the same column indicates there is no significant difference . The same small litter in the same row indicates there is no significant difference for each parameter.
Concerning the secondry oxidation (p-anisidine value) of stripped oil, it can be seen that the panisidine values are higher than those of nonstripped oil samples. At 1 minute heating the panisidine reaches 7.77 in stripped oil corresponding to 4.60 in non-stripped oil. At 2 minutes heating the panisidine is 25.97 corresponding to 6.13 in nonestripped oil. At 3, 4 and 5 minutes heating the panisidine of stripped oil increase to 44.95, 49.28 and 63.72 compared to 10.10, 37.78 and 58.52 in nonstripped oil, respectively (1, 22) .
It is also seen from Table (4) that the total oxidation value of stripped oil is higher than that of nonstripped oil. You can see that after 1 min microwave The formation of conjugated dienes and trienes of stripped and non-stripped linseed oil subjected to microwave heating are recorded in Table (5) and Figures (3, 4) .
With reference to the effect of heating on the formation of conjugated dienes and trienes, it can be noticed that the conjugated diene in stripped oil samples are higher (9.37) than in case of nonstripped oil samples (5.00) after 1 min heating reaching 20.6 and 9.50 after 5 min heating, respectively. The same observation can be seen in conjugated triene of both stripped and non-stripped sample (1, 4, 22, 26) .
This can be understood from role of antioxidants in the non-stripped oil which protect the oil from microwave heating which lead to formation of free radicals that attack the double bonds of poly unsaturated components of linseed oil. Values are presented as mean ± SD of duplicate samples analyzed in triplicate.
The same capital litter in the same column indicates there is no significant difference .
The same small litter in the same row indicates there is no significant difference for each parameter. Values are presented as mean ± SD of duplicate samples analyzed in triplicate.
The same small litter in the same row indicates there is no significant difference for each parameter.
CONCLUSION
1-Application of statistical analysis reveals that the samples were analyzed and the results include SD and statistical significant with the help of ANOVA.
2-
The peroxide values of stripped samples were higher (10.26) than those of nonstripped samples (6.27) after one minute heating reaching 21.09 and 19.95 after five minutes heating , respectively.
3-
The color index of stripped and non-stripped samples decrease generally in value by time of heating but the initial value of stripped oil sample is lower than the corresponding value of non-stripped oil samples.
4-Secondary oxidation as represented by paraanisidine value for stripped oil samples are generally higher than that of the non-stripped oil samples during the periodical heating process. Accordingly total oxidation is generally higher (28.29) in stripped oil sample than corresponding non-stripped oil sample (17.14) after one minute heating reaching 105.90 and 98.42 after five minutes heating, respectively.
5-It was advisable that polyunsaturated oils such as soybean and linseed oils are not recommended for cooking purposes by microwave as well as conventional heating process.
